It is now generally agreed that reuptake mechanisms are of major importance in the conservation of the norepinephrine fraction which is released from adrenergic neurons by physiological stimuli.", 2 There is, however, equally compelling, although until now circumstantial, evidence that norepinephrine synthesis must play a critical role in the maintenance of the adrenergic stores of this amine, and that synthesis is responsive to, and probably proportional to, the intensity of adrenergic neuronal activity. For example, in spite of varying intensities and durations of adrenergic nerve stimulation and norepinephrine release, the tissue levels of this amine do not change significantlyA' 4 Furthermore, an increase in the urinary excretion of norepinephrine and norepinephrine metabolites is associated with physical and emotional stresses which are known to increase sympathetic activity.5 Spector6 has shown that the rate of depletion of norepinephrine tissue levels after a-methyl-p-tyrosine, an inhibitor of tyrosine hydroxylase, is accelerated if the animals are exercised or subjected to cold stress.
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In the perfused cat spleen, the output of norepinephrine per stimulus increases as the frequency of stimulation increases, up to about 30 stimuli/sec, suggesting that during nervous activity synthesis may play a relatively greater role, and uptake a relatively smaller role, in the maintenance of tissue norepinephrine.7' 8 Although normally the turnover of norepinephrine in adrenergic tissues is high,9 10 it is markedly reduced during hibernation" and after denervation.12 All these studies indicate that increased synthesis assumes considerable significance during nervous activity. Direct evidence has been obtained that increased norepinephrine synthesis occurs in the adrenal gland during nerve stimulation. '3-'5 We have been able to demonstrate increased synthesis of norepinephrine in an adrenergically innervated tissue as a consequence of stimulation, using tyrosine, the normal precursor of norepinephrine. Our results indicate that the concentration of free intraneuronal norepinephrine may be an important factor in the regulation of the rate of synthesis of norepinephrine in the intact neuron.
Materials and Methods.-The isolated hypogastric nerve-vas deferens preparation of the guinea pig, as described by Hukovik,16 was employed in these studies. Tissues were incubated at 370C for 1 hr in a 25-ml organ bath containing physiological salt solution gassed with 95% 02-5% CO217 and to which was added [3, 5 -HM]-tyrosine, 10 MAc, 1 X 10-5 M. The nerve was stimulated, using a Tektronix stimulator and platinum electrodes, for 5 sec/min, at 25 pulses/sec employing pulse intensity of 8 v and pulse duration of 5 msec. The responses of the tissue were monitored on a smoked-paper kymograph.
At the end of incubation, the tissue and bath were separately homogenized in trichloroacetic acid. Acid extracts of tissue and bath were assayed separately. Norepinephrine and dopamine (3,4-dihydroxyphenylethylamine) were isolated on Dowex-50-Na+ columns, which, when thoroughly washed before elution, retain none of the labeled tyrosine. Norepinephrine was eluted with 1 N HCl (recovery = 85%) and dopamine was eluted with 2 N HCl (recovery = 80%)."
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The eluates were collected in 4-ml aliquots in scintillation vials, dried over H2SO4 and NaOH flakes in a vacuum desiccator, and, after addition of water and dioxane scintillation fluid, were counted by liquid scintillation spectrometry; correction factors for quenching were obtained by the use of internal standards.-9 The average counting efficiency was 9%. An aliquot of tissue extract was used for norepinephrine assay by the trihydroxyindole fluorimetric procedure. 20 In all experiments, the contralateral preparation was handled in an identical manner, except that it was sham-stimulated. The effect of nerve stimulation in each experiment was determined by comparing the rate of norepinephrine synthesis in the stimulated tissue with that in the contralateral unstimulated organ. We have observed that although the rate of norepinephrine synthesis varies considerably among vas deferens of different animals, the differences in this rate between the homologous organs of the same animal are quite small.
[3,5-H31-tyrosine (New England Nuclear Corp., Boston) was purified by passing the material through alumina to remove catechols and by adsorption on and elution from Dowex-50-H +. Drugs used in these studies were: pheniprazine hydrochloride (Catron; kindly supplied by Lakeside Laboratories, Milwaukee, Wisconsin), cocaine hydrochloride (kindly supplied by Merck & Co., Inc., Rahway, New Jersey), reserpine, 1-norepinephrine bitartrate, and tyramine hydrochloride. All concentrations of drugs refer to the free base. Reserpine was freshly prepared before injection by dissolving 10 mg of the substance in 0.05 ml of glacial acetic acid and diluting the solution to 10 ml with water.
Results and Discussion.-Nerve stimulation was associated with an increase in the amount of both dopamine and norepinephrine formed from tyrosine ( Fig. 1) . The average increase of newly formed norepinephrine in stimulated preparations was 87 ± 24% (p < 0.01). The amount of dopamine found in both stimulated and unstimulated preparations was only a small fraction of the norepinephrine synthesized. The per cent of norepinephrine found in the medium increased from 16 per cent in the unstimulated group to 25 per cent in the stimulated group. Mlost of the dopamine was present in the medium in both groups.
Since stimulation would tend to mobilize the catecholamines and increase the likelihood of their degradation, it is probable that these differences are minimal values. We have attempted to measure the acid metabolites of the catecholamines, but the amounts are extremely small when compared with the amounts of other C0 yet proved wholly satisfactory. In order to obtain a better estimate of the total amounts of norepinephrine and dopamine formed, we resorted to the use of inhibitors of monoamine oxidase (MAO). In the absence of active MAO, the determination of newly formed catechol and methoxyphenol amines should approximate the total catecholamines synthesized. However, the formation of norepinephrine from tyrosine was not increased by the addition to the bath of the MAO inhibitor pheniprazine (30 /g/ml). On the contrary, it was significantly reduced (p < 0.05) (Fig. 2) . In the presence of pheniprazine, the per cent increase in norepinephrine formed during stimulation was less than that observed in the control group (35 4-12%) (p < 0.05). Pheniprazine releases newly formed catecholamines, as indicated by the fairly high per cent of the catecholamines found in the medium.
Tyramine (10 jig/ml) also inhibited the synthesis of norepinephrine (p < 0.05) (Fig. 2) . The synthesis of norepinephrine in the presence of tyramine was increased 45 per cent during nerve stimulation, somewhat, although not significantly, less than the increase observed in the control group. Tyramine, like pheniprazine, releases newly formed norepinephrine into the medium, although to a lesser extent at the concentrations of the drugs employed. The effects of tyramine are complex, because in addition to being a catecholamine-releasing agent, this substance is a competitive substrate of both MAO and dopamine-3-hydroxylase. 21 In addition, it has been shown that tyramine inhibits the hydroxylation of tyrosine in intact tissue. The inhibition is apparently indirect because tyramine is a poor inhibitor of purified tyrosine hydroxylase.22
In preparations from guinea pigs injected intraperitoneally with 1 mg/kg reserpine 2 hr before killing, the net formation of norepinephrine from tyrosine was markedly reduced and almost all of the newly formed amine was found in the medium. Stimulation was associated with an increase in the rate of synthesis of norepinephrine, the per cent increase (480 124%) (p < 0.05) considerably exceeding that of the controls, although the absolute increase was not as great. The action of reserpine is also complex, since reserpine is known to inhibit synthesis by blocking the uptake of dopamine into the storage vesicle where dopamine-flhydroxylase is present.18 However, the large increase in synthesis after stimulation is in sharp contrast to the effects of tyramine and pheniprazine.
The synthesis of norepinephrine in the presence of 10 ,mg/ml of cocaine is not impaired, but may even be increased, although the difference is not significant (Fig. 2) . With stimulation, norepinephrine synthesis approximately doubles (increase = 93 A 19%) (p < 0.01). Cocaine does not alter the per cent of labeled norepinephrine found in the bath.
With the exception of the tissues from animals pretreated with reserpine, the average norepinephrine content of the vas deferens from each of the groups exposed to chemical agents was not different from that in the controls. Stimulation did not result in alterations of the endogenous norepinephrine content of the vas deferens.
Similar but less striking changes in dopamine synthesis were seen among the various groups, the per cent increases after stimulation being greatest after reserpine and cocaine, and least after pheniprazine and tyramine. In all groups, only a small fraction of the H3-dopamine was retained by the tissue (Fig. 3) . AThough stheulaomplexinterelatingonshpsbtwe synthneesmaistastoage releseuande mfehlanismtiof, the inceasd syntheersisfollowing stimulaionthe reslt arcol n ntraneuronal concentration. Cocaine, by preventing reuptake of both spontaneously released norepinephrine and that released during nerve stimulation, reduces the amount of unbound norepinephrine in the neuron, with a consequent increase in norepinephrine synthesis. Pheniprazine, and, to a lesser extent, tyramine, by causing release of norepinephrine from stores and preserving intraneuronal free norepinephrine by M\iAO inhibition, inhibit norepinephrine synthesis and antagonize the accelerated rate of synthesis resulting from nerve stimulation. In contrast to tyramine and pheniprazine, reserpine does not block M\!AO and it probably does not actively release norepinephrine from stores, but it prevents reuptake into vesicles of spontaneously released norepinephrine.2' In the reserpine-treated tissue, during stimulation, synthesis is increased considerably as the elevated norepinephrine levels in the neuron fall as a consequence of accelerated egress through the axonal membrane.
If this hypothesis has any merit, norepinephrine should inhibit its own synthesis. Furthermore, assuming that during nerve stimulation norepinephrine permeability is increased in both directions, elevated extracellular norepinephrine levels would reduce or reverse the concentration gradient across the axonal membrane and nerve stimulation would be expected to lead to either smaller increases or no increase in norepinephrine synthesis. To test this hypothesis, vas deferens preparations were incubated in the presence of 1 ,ug/ml norepinephrine. In the presence of extracel- (Table 1) , and, in contrast to the results obtained with tyramine, pheniprazine, and reserpine, there was no increase in synthesis during stimulation. These results are consistent with the hypothesis that norepinephrine does play a role in the regulation of its own synthesis. It is tempting to speculate that the end product regulates its own synthesis by feedback inhibition of an early step in the biosynthetic pathway. 23 The hydroxylation of tyrosine to 3,4-dihydroxyphenylalanine is the most probable site at which this regulation occurs, since tyrosine hydroxylase appears to be the limiting step in norepinephrine syntheSiS.24, 25 Nagatsu et al. have shown that norepinephrine in fairly high concentrations inhibits purified tyrosine hydroxylase, presumably by cofactor inactivation. 26 Summary.-Electrical stimulation of the hypogastric nerve of the isolated guinea pig vas deferens preparation is associated with an accelerated rate of formation of H3-norepinephrine from [3, 5-H3]-tyrosine. Tyramine and pheniprazine, which are known to release bound norepinephrine and to inhibit monoamine oxidase, inhibit norepinephrine synthesis and partially nullify the increased synthesis of norepinephrine induced by nerve stimulation. Reserpine pretreatment results in a marked inhibition of norepinephrine synthesis in unstimulated preparations; nerve stimulation leads to a considerable increase in norepinephrine synthesis in reserpine pretreated tissues. In the presence of cocaine the rate of norepinephrine synthesis is slightly enhanced. Norepinephrine, 1 ,ug/ml, inhibits its own synthesis and blocks the accelerated synthesis seen during nerve stimulation. Free intraneuronal norepinephrine appears to be a regulating factor in norepinephrine synthesis.
